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Abstract
Tunnelled haemodialysis catheters (t-HDC) are prone to colonization by microorganisms, resulting in increased morbidity and mor-
tality. A previous study concluded that all culture-negative catheters removed from cancer patients were colonized by microbial
bioﬁlms when examined by scanning electron microscopy (SEM). Examination of t-HDC by SEM has not been published before. A
total of 44 segments (0.5 cm each) from 11 ex-vivo t-HDC were examined by SEM prior to endoluminal brushing and quantitative
culture to determine their colonization status. Endoluminal brushing yielded a positive culture from two catheters. Methicillin-sensi-
tive Staphylococcus aureus was grown from one catheter and a Streptococcus species was cultured from the second. SEM examina-
tion revealed universal endoluminal coverage by adherent biological material (ABM), which was composed of ﬁbrin, platelets and
other host-derived products. However, bacterial cells were visible on the two culture-positive catheters and on two out of nine
culture-negative catheters, and were possibly present on one culture-negative catheter. In conclusion, in this study the prevalence
of microbial colonization of ex vivo t-HDC was 18% using the endoluminal brushing technique and 36% when examined by SEM.
The previously reported universal microbial colonization of central venous catheters is likely to represent coverage by ABM rather
than by microbial bioﬁlms.
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Introduction
Central venous catheters (CVCs) play a vital role in the
management of patients with various medical and surgical
conditions. In renal medicine, tunnelled CVCs are used for
haemodialysis access as a temporary measure until an arte-
riovenous ﬁstula has been created, or as long-term access in
patients who have exhausted other options. Successive audits
published by the Dialysis Outcomes and Practice Patterns
Survey have shown an increased reliance on CVCs between
1996 and 2007, with 28% of prevalent haemodialysis patients
in the UK and 25% in the USA using CVCs as their dialysis
access despite evidence of worse outcomes when compared
with those who use arteriovenous ﬁstulae [1–4].
Compared with other types of haemodialysis vascular
access such as arteriovenous ﬁstulae and synthetic grafts,
CVCs are associated with increased incidence of blood
stream infections [5–9], which adversely affect the survival
and well-being of haemodialysis patients. Foley et al. reported
a six-fold increase in mortality at 6 months in dialysis
patients who were admitted with an episode of septicaemia
in the ﬁrst year of dialysis therapy, and this increased risk
remained high for up to 5 years after the episode of sepsis
[10]. Another study reported an increased incidence of all
cardiovascular events and congestive cardiac failure in dialysis
patients who develop septicaemia [8].
CVCs are prone to colonization by microorganisms
[11,12] from as early as 24 h after insertion [13]. A study by
Raad et al. examined 39 non-tunnelled CVCs removed from
cancer patients with catheter-related infections (CRIs) and
26 culture-negative catheters using semiquantitative scanning
electron microscopy (SEM). They concluded that all of the
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culture-negative catheters that were in situ for more than
30 days had endoluminal colonization [14]. These data have
been widely interpreted to mean that all long-term CVCs
become colonized [8,15,16]. Systematic examination of
tunnelled haemodialysis catheters (t-HDCs) by SEM has not
been published previously. The aim of this study was to
determine the prevalence of endoluminal colonization of ex
vivo t-HDCs using SEM.
Methods
Patient catheters
Eleven consecutive polyurethane t-HDCs removed from
patients participating in a multicentre trial to assess the effec-
tiveness of a novel catheter lock solution made of ethylene
di-amine tetra-acetic acid (ETDA) were used for this sub-
study. The trial and all related sub-studies were approved by
the West Yorkshire Ethics Committee in Leeds (UK), and
each patient provided informed consent. Patient demographic
data, reason for haemodialysis and duration of catheter
placement were recorded.
Control bioﬁlms
For comparison, control bioﬁlms were generated on cathe-
ters in the laboratory. The clinical isolates Staphylococcus epi-
dermidis No. 31 (CoNS) and Escherichia coli No. 250 (EC)
were used to prepare microbial suspensions. Three colonies
of each test organism grown overnight on Columbia horse
blood agar plates (E&O Laboratories Ltd., Bonnybridge, UK)
were touched with a sterile loop and inoculated into a 10-ml
bottle of sterile Brain Heart Infusion broth (E&O Laborato-
ries Ltd) and incubated aerobically for 4 h at 37 C without
shaking. Each bacterial suspension was then added to a sepa-
rate 500-mL bottle containing sterile Mueller–Hinton broth
(CM0405; Oxoid, Basingstoke, UK). Three tubing sets made
of polyvinyl chloride (PVC) catheters connected to glass bot-
tle caps were autoclaved at 121 C under pressure for
15 min. One sterilized tubing set was connected to each
microbial suspension bottle and one set was connected to a
sterile broth bottle as a negative control. Tubes were subse-
quently connected to a multi-channel tubing peristaltic pump
(Ismatec SA-IPC; ISMATEC SA, Glattbrugg, Switzerland), and
the pump was set at a speed of 1 mL/min. Segments (15–
20 cm) of each catheter were immersed in a water bath
(Grant Instruments, Cambridge, UK), which was warmed to
37 C. Bacterial suspensions were allowed to circulate
through the tubes for 24 h. Catheters were swapped into
1:10 diluted broth bottles for another 24 h. The segments of
catheter that were immersed in the water bath were marked
and cut into a sterile Petri dish. The external surface of each
segment was cleaned with 70% isopropyl alcohol wipes and
cut in half using a sterile scalpel. A sterile loop was inserted
into one segment, spread-plated onto Columbia blood agar
plates, and incubated aerobically overnight at 37 C without
shaking in order to conﬁrm the growth of bacteria in the
treatment catheters and the absence of growth in the nega-
tive control catheter. The other catheter segments were
incubated at 37 C for 48 h followed by preparation of 0.5-
cm pieces for SEM examination as described below.
Preparation of patient catheters
Upon removal, catheters were transported to the microbiol-
ogy laboratory in a specimen bag and stored at 4 C until
being processed within 24 h of removal. The external surface
of the catheter was cleaned with 70% isopropyl alcohol
wipes. Subsequently, arterial and venous limbs of each cathe-
ter were divided equally into distal (tip) and proximal seg-
ments; 0.5-cm pieces were cut from the distal and proximal
catheter segments using a sterile scalpel, and processed for
SEM examination as described below. Endoluminal brushing
of each proximal and distal catheter segment was subse-
quently performed to determine the presence of endoluminal
colonization as described by Kite and co-workers [17,18].
A catheter was regarded as colonized if the culture from
any segment yielded a colony count of ‡ 1000 CFU/mL of
bacteria or yeast.
Endoluminal brushing and culture methods
A separate endoluminal brush (FAS, HI8035; IDI Technolo-
gies Ltd, Staines, UK) was passed down each of the proxi-
mal and distal segments and removed. The brush was cut
off into a sterile tube with 1 mL of sterile phosphate-buf-
fered saline and vortexed for 1 min. Three 50-lL samples
were spiral-plated onto three separate pre-poured Cystine-
Lactose-Electrolyte-Deﬁcient agar plates (E&O Laboratories
Ltd) using the Whitley Automated Spiral Plater (WASP;
Don Whitley Scientiﬁc Ltd, Shipley, UK). Plates were incu-
bated at 37 C for 18–24 h and were subsequently read
using the ProtoCol counter (Don Whitley Scientiﬁc Ltd) to
calculate the colony counts per millilitre. The average col-
ony count in three plates was calculated and used as the
total number of CFU per millilitre (CFU/mL) of the original
sample.
Sample preparation for SEM examination
Each 0.5-cm segment was cut longitudinally using a sterile
scalpel and ﬁxed with 10% formol saline. Samples were dehy-
drated using alcohol at rising concentrations: 20, 40, 60, 80
and 100% at room temperature and kept at each concentra-
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tion for 15 min. Subsequently, samples were immersed in
acetone for 4 h at room temperature and then dried over-
night in a critical point dryer using liquid carbon dioxide
(Polarn E3000) [19]. Finished samples were mounted and
ﬁxed on aluminum stubs using carbon cement, and coated
with 80% platinum and 20% palladium using the Agar
high-resolution sputter coater.
SEM examination
SEM examination of the endoluminal surface of catheter seg-
ments was performed using a LEO 1530 Gemini ﬁeld emis-
sion gun scanning electron microscope (FEG SEM), which
provided high-resolution secondary electron images of the
endoluminal catheter surface at magniﬁcations of 100·,
2500· and 10 000·. Captured images of the whole endolu-
minal surface of each catheter segment at magniﬁcation of
100· were subsequently analysed independently by two
authors (M.K. and J.A.T.S.) for the extent of adherent biolog-
ical material (ABM), and images obtained at higher magniﬁca-
tions were assessed for the presence of bacterial cells. The
extent of ABM was graded from 0 to 3 according to the
proportion of endoluminal surface covered with ABM (0,
absent; 1, < 50%; 2, 50–75%; 3, > 75%). Where disagreement
between the two authors occurred, the average value was
calculated and rounded up to the nearest grade. Bacterial
cells were considered to be deﬁnitely present if cells were
consistent with cocci or rods and had the following charac-
teristics: size of 0.5–1 lm for cocci and 1–1.5 lm for rods,
evidence of dividing cells and cell clustering consistent with a
micro-colony. When only two or three of the above charac-
teristics were met, the presence of bacterial cells was
regarded as possible.
Results
Eleven internal jugular t-HDCs (10 Tesio, Medcomp; 1
Arrow) removed from eight men and three women were
studied as above. The median age of patients was 46 years
(range 31–84). Catheters were in situ for a total of
2392 days (median 196, range 89–570). Six catheters had
been locked with Heparin solution (5000 IU/mL) between
dialysis sessions and ﬁve catheters with the trial lock
(EDTA) solution, which has antimicrobial properties. Causes
of established renal failure were as follows: diabetic
nephropathy, four patients; obstructive nephropathy, two
patients; adult polycystic kidney disease, one patient; and
unknown, four patients. Reasons for catheter removal were:
catheter no longer required due to functioning native arte-
riovenous ﬁstula in seven patients (64%); catheter-related
blood stream infection in two patients (18%); catheter exit
site infection in one patient (9%); and unexplained febrile ill-
ness in one patient (9%).
Culture results
Forty-four catheter segments (22 distal) were sampled by
endoluminal brushing as described above. Endoluminal brush-
ing yielded a positive culture from two (18%) catheters, both
of which had been locked with heparin between dialysis ses-
sions and were removed because of catheter-related blood
stream infection. Methicillin-sensitive Staphylococcus aureus
was grown from one catheter and Streptococcus sanguinis was
cultured from the second.
Scanning electron microscopy
SEM images of control CoNS and EC bioﬁlms grown on PVC
catheters are shown in Fig. 1. A total of 44 segments (22 dis-
tal) from 11 ex vivo tunnelled catheters were examined by FEG
SEM. The number of distal and proximal catheter segments
and the extent of ABM on the endoluminal surface at 100·
magniﬁcation are shown in Table 1. ABM was more extensive
at the catheter tips. Bacterial cells visible by SEM were present
on the two culture-positive catheters and two out of nine cul-
ture-negative catheters, and possibly present on one culture-
negative catheter. All catheters with visible bacterial cells had
been locked with heparin. Details of the SEM ﬁndings and cul-
ture results are shown in Table 2.
SEM images of the two culture-positive catheters and two
culture-negative catheters with visible bacterial cells are
shown in Figs 2–5, respectively. Figure 6 shows the endolu-
minal surface of two explanted Tesio catheters covered with
ABM without any identiﬁable bacterial cells.
Discussion
We have demonstrated an 18% culture-positive colonization
rate in 11 explanted dialysis catheters and a 36% prevalence
of bacterial detection using SEM. All four catheters with visi-
ble bacteria on SEM had been locked with heparin, whereas
all ﬁve catheters locked with EDTA were culture-negative
and had no visible bacteria on SEM. We were able to visual-
ize ABM to some extent in all the lumens examined. We
chose to use the term ABM as distinct from ‘bioﬁlm’ because
bacteria were not grown from, or seen in, the majority of
catheters and it is possible that catheters can become coated
with ﬁbrin, platelets and other host-derived products with-
out being colonized. The ABM was often heterogeneous and
also variable in appearance among different catheters and
between distal and proximal segments. Some ABM appeared
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ﬁbrous and clearly contained embedded red blood cells. SEM
may lack sensitivity for detection of bacteria that could be
buried deep within the ABM; however, when we physically
removed adherent material using endoluminal brushing and
failed to culture organisms, this seemed less likely. We were
unable to ﬁnd any published objective criteria for the report-
ing of bacteria in SEM images and therefore developed our
own pragmatic scheme. This has not been validated other
than by use on our control bioﬁlms.
(a) (b)
(c) (d)
FIG. 1. Scanning electron microscopy images of Staphylococcus epidermidis (a and b) and Escherichia coli (c and d) bioﬁlm-containing polyvinyl chlo-
ride catheters at 1000· (a and c) and 25 000· (b and d).
TABLE 1. Grading of adherent biological material (ABM) on
endoluminal surfaces of ex vivo tunnelled haemodialysis
catheters (0, absent; 1, < 50%; 2, 50–75%; 3, > 75%)
ABM grade
Distal segments
(n)
Proximal segments
(n)
0 0 0
1 0 7
2 3 10
3 19 5
TABLE 2. Field emission gun scanning electron microscope and endoluminal brushing results
Catheter
Presence of
bacteria
Criteria
Endoluminal
brushing OrganismSize Shape
Dividing
cells Micro-colonies
1 No ) ) ) ) Negative
2 No ) ) ) ) Negative
3 No ) ) ) ) Negative
4 No ) ) ) ) Negative
5 No ) ) ) ) Negative
6 Yes + + + + Positive Streptococcus sanguinis
7 Yes + + + + Negative
8 No ) ) ) ) Negative
9 Yes + + + + Positive MSSA
10 Yes + + + + Negative
11 Possible + + + ) Negative
MSSA, methicillin-sensitive Staphylococcus aureus.
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Our ﬁndings differ markedly from those reported by Raad
et al. in a study widely cited in the literature as the evidence
for universal microbial colonization of long-term CVCs. They
reported visible bacteria in 100% of 26 culture-negative cath-
eters, whereas only two (22%) of our nine culture-negative
catheters had identiﬁable bacteria. Paradoxically, three of 39
catheters with positive culture in the study by Raad et al.
had no visible bacteria on SEM. We applied our criteria for
visualization of bacteria to the images provided in their
paper. On review, only one image out of three clearly
showed bacterial cells. The remaining images revealed thick
layers of ABM, but we could not visualize any bacterial cells.
It should be acknowledged that the antimicrobial properties
of EDTA may have affected the culture results and possibly
the structures present in our study. It was not clear from
the paper by Raad et al. which lock solution was used and
whether it had any impact on their culture results or SEM
ﬁndings. A separate analysis of our six catheters that had
been locked with heparin revealed that two (33%) were cul-
ture-positive and four (67%) had visible bacteria upon SEM
examination. Only two (50%) of the four culture-negative
catheters had visible bacteria, which is half the prevalence
rate of colonization reported by Raad and colleagues.
FEG SEM offers higher magniﬁcation and better resolution
compared with the standard SEM devices that were available
when Raad et al. performed their studies. It may be that our
FIG. 2. Bacteria (arrows, left) and possible bacterial micro-colonies
(dashed arrows, right) on the endoluminal surface of an explanted
Tesio catheter that was culture-positive for Streptococcus sanguinis
(heparin lock).
FIG. 4. Endoluminal surface of a negative-culture explanted Tesio
catheter covered with coccus-shaped cells (heparin lock).
FIG. 3. Endoluminal surface of an Arrow catheter removed from a
patient with methicillin-sensitive Staphylococcus aureus catheter-
related bloodstream infection showing a cluster of cocci buried
within a ﬁbrous-looking network (heparin lock).
FIG. 5. A culture-negative explanted Tesio catheter showing cocci
and probably extracellular polymeric substances on the endoluminal
surface (heparin lock).
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discrepant ﬁndings partly reﬂect improvements in imaging
technology.
We are left wondering whether the term ‘bioﬁlm’, which
implies the presence of microorganisms encased in self-gen-
erated layers of exopolymer substance (EPS), really should
be universally applied to the material that is seen in and on
CVCs. We suggest that the terminology needs to be rede-
ﬁned, perhaps to include ‘adherent biological material’ where
there is no evidence of bacterial colonization and ‘bioﬁlm’
where bacteria are seen or cultured. Further research into
this area, in particular a method to detect bacterial compo-
nents and distinguish EPS from host proteins, is needed.
The complex structures of ABM in the lumen of CVCs
would appear to make an ideal environment for bacterial
attachment, and FEG SEM may be a useful tool for evaluating
pharmaceuticals that aim to reduce the development of these
structures and/or bacterial adherence. Further research to
develop technique(s) that can distinguish between host-
derived and bacterial cells is warranted.
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